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are to fra-fli^te mom 

trm pr^mT fe assembly and to 
soisiantifllly reduce ihe vojnme 
of packing maieriaL meieby 
improving the performance of 
me valve over wider temperatae 
ranges and pressure ranngs- 
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patT.VAT.VF, WIP STTSTf^E PIECE PACKING 
grfatgd A npucations 

This application claims the benefit of United States Provisional patent application serial 
number 60/349,629 filed on January 18, 2002 fer BALL VALVE WITH SINGLE PIECE 
5 PACKING, the entire disclosure of which is fully incorporated herein by reference. 

Technical Field Of The Invention 
The subject invention relates in general to ban valves. More particularly, the invention 
relates to a new ball valve design and packing concepts that improve valve performance under 
higher and lower rated operating teraperataies and thermal cycling. 
1Q Background of thftTnvention 

Ball valves are wen known in fire art, and a highly successful commercially available baU 
valve is described inUnited States Patent No. 4,685,488 issued to Corbin et aL and owned by the 
assignee of the present invention, the entire disclosure of which is fully incorporated herein by 
refereaice- 

1 5 Ban valves that use polymers for the ball packing material are usually limited in their 

rated or specified high and low terrupcratoe operating ranges at rated pressure. This is because 
the packing material expands and contracts at a different rate than other valve components which 
typically ^ made 0 f stainless steeL At higher temperatures the packing material softens and 
tends to flow or creep and may become permanently deformed or otherwise damaged during 

20 valve actuation 'at higher temperature This damage to the packing can result in leakage, 
especially when the valve returns to ambient temperature. At colder temperatures, the packing 
rnaterial becomes harder and suffer and mere may also, in some cases, be a decreased sealing 
stress on me packh^ due to packings^ This loss of stress can 

produce leakage at lower temperatures. Although it is known to incorporate live load packing 

25 techniques into ball valves to increase the rated operating temperature range of toe valve, the 
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overa ll improvement is still Wed by foe temperainre response cbin^cteristics of the packing 
xoEterial itself! 

- The need continues to exist for a ball valve having a polymer type ball packing material 
with increased rated operating temped range and temperature cycling performance at rated 
5 pressure. 

Summary of the I nvention 

The present invention contemplates a ball valve arrangement in which a single piece 
packing may be installed onto a valve element within a.temperuture range so that the mechanical 
properties of the packing material are substantially unchanged. The present invention further 
10 contemplates methods of assembly- StOl former the invention contemplates a valve element and 
packing wherein various dimensions are selected to improve foe rated operating temperature 
range and cycle life of foe valve such as by reducing foe volume of packing material and 
providing a more uniform distribution of load on foe packing after installation into foe valve. 
Various aspects of the invention may optionally be used with a multi-piece packing. Still further, 
1 S the invention contemplates a ball and trunnion design mat allows a ball valve element to anally 
float or shift when the valve element packing expands and contracts under temperature changes. 
Another aspect of the invention relates to foe use of a live load applied to me valve element 
packing in combination with the axial float of foe valve element 

These and other aspects and advantages of foe invention will be readily understood and 
20 more fully described in foe following detailed description of various embodiments and 
alternatives of foe invention when read in view of foe accompanying drawings. 

BriefDescriPtion Of The Drawings 
Fig. 1 is an isometric cross-section view of a ball valve incorporating various aspects of 
the present invention (valve illustrated in open position); 
25 Fig. 2 is a vertical cross-section in elevation of the valve of Fig. 1 ; 
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Fig. 3 fflusWtes a valve element in accordance wiih to. invention in elevation; 

Fig . 4 is an exploded isometric of a single pi*e P^*8 - - W * to 

embodiment of Fig. 1; 

Fig. 4A is a partial cross-section of the packing of Fig. 4; 
5 Fif , 5 is an isometric ontaway of another embodhnent of motion wife a third flow 

poit added; and 

Kg . 6 is an isomer cutaway of ***** embodiment of the invention using a non- 

spherical ball valve element. 

getafled Pe»e Hr«— Of The Invention 
0 preference*- me drawings, the present invention contemplates . ball vaWe design 

* improve* tempemtaxe perfonnauce sating* at rated r^. The unproved tempertfure 
performance indud* higher and lower rated or specified temped nmges, as weD as under 
to^eyenng. The present taction is described hemm with refers to a particular bail 
vdvedesign.bewev*, these ^^mflmart^readflyappm^n^^v^^of 
,5 the invention may be incorporated into difierentbau valve cmulguranons. Furthermore, while 
fce exemplary embodimen. hernia includes sev«* difiereut aspects of the invention, tire 
ta^fion should no, be constmed in a Hunting sense. Earner, some or all of the aspects and 
fesanes of the ores** invention ma, be incorporated into » ball valve design either mdivionally 
„ in various oombinations or sub^nbntetions and still be within the scope and spirit of the 
20 present invention as set forth m the appended claims. Furthermore, while various alternative 
e^atoentsmaybedescrib^uerem,^ 

every alternative embodiment tirat may be leaduy apparent to those Med into art in view of 
the teachings herein. The pmsent invention contemplates alternative embodirnente within the 
scpe of tire appended claims, wbefter express* described herein ox not Although tit. 
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V— aspec* of *e present nation then are n— «» - - *"« 

. , i v„/4,r 17 A valve element assembly 22 is 
valve cavity 20 formed therebetween in the valve hody 12. A valve 

. « The tall 24 has a centtal fluid passageway or bore 27 machined 
10 valve actuator stem 26. The ball bv, 

^ ces27 a m d27ha re oa tof ^^^^^^ 18a - 18b - ,te,raIVeiSba 

, , j ^ovrmlf. fhe valve 10 may be closed by a ninety 
_1S_ closed position and fluid flow is Hooted. For example, the valve 

degree (quarter-tarn) rotation of the ban 24. 

T^vdve stem 26 erfenda throng — ***** W *' 

offcevalvebody^ rne^26rna y e i d 1 er i n^eah a nd 1 e(no. S ho TO ) fc r I na M al^on 

ball 24 vtfhin the valve oavHy 20 to open tmd close the valve. 

rie v a lve^26f^h,olnaes m npp«rh^on2 8 sndalo W erhu ra don30. fte 

^ .nd ,ower tranMons 2,30 *« * a valve pad** 32, help * *» and ionroa. *e 
^veel^v^thev^cev^O. ■nec^wiflW.apectof then^o,.* 

2S ^^^.^^-i-^**^~ to,,,,,,-,, * ,,,M " 
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5 ^ns^teoervethen— ^*^-d«--«--~-«'^ te ' 

^ and .ore e^nly «*- — - » ^ 

ftp packing 32 as conipaied to prior art valves. 

10 seal between tbe stem surfaces 24, 28 and 30 and tbe valve body 12. Tbe pacMns 32 * 
^.^^od^^^^"^^ 34 ^^ 
a^flon. toitt p^Wn 0t ^ib^^^«»^^^^ 32lS 

asntglepiecep.c^to^fl^P^^"^^*^^ 
with tbe valve stem 26 to fbnn flic valve element asscsnbly 22 prior to installing tbe valve 
15 d ,^-*» fc l.-^1 ^pa^ S 32 fe p I e ftB n I yalfl^notn M ^ari 1 y 
^ of perfluoroaKotty (PFA) material and may be made by convenflona! tnncbinn* , 

^tfng precox o te .^.^•«*»^»^ , - ,,I "' ,IW '■ d, • 
rfaa-bigh ntolecufcr weigb. polyethylene, mB (pobytonrfuoroetnylette) and vtnian* of PTFE 
sneh aa ffl ledPTFB,po 1 ye<be I etoer te tone (fBBQ . fiB ed W Ao r ft ro rina I ede ftyI ene propyl 

r ^rtn^alaobede^letoover-inoMltodnglepiooepaddng in place on 
20 In some applications it may *i* u 

(he trmmions and ball- 

Tbe single piece pack*. 32 ia gene^ cySndrical to tfcape and inetudea a ceo«ral 

^ona 2S, 30 ao aa to bave an intorference * therewith at room tetnperafln* bnt at the aame 
25 fcne to be able to be snap or pre* « assembled at room temple over flte ball 24 and 
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— M .«*>a^«^ to***********--******* 
, M ft, ba.! 24 and fte m-o. % SO- ^, in fta «n*dn™* ** 

^— 1 - * - ^ 10 ^ " 

^^n^no,*.^^^™^^^ 0 ^^ 
^a Sm ^^»^-^^^ tetol ^ aWHCali0n ' FiE - 6,leI6m 

^^agan^co^g^. Fnrfbanwne in soma ^plications the interior 

Tte pacing 32 ftdhar inotodca . manbar of opan^ S2*t fortnad » «h* cyHndncn. 
^ „ of ftn pa*** 32. Pairs of «. openings, ft. — *• - ="* " 

^o^oppo^^no^.o^co.^y^^^^^^^^ 

fc «X fc fc*^-^**• ab ■ ,4B, * , '* ,,h *' , ^ , ' a7, *■ 
^ is* fte otosed position and opening 52a and 524 angn arfft ft. passage 27 ^ 
20 fcev^isfcanopenpoaMon. H. ta-r port 50. of fte bore 50 raay tdso be naod as an 

described hereinafter- 

25 ^^^^ W ™o rt *«.«*^* 42 * ritt 



10 
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^ ortrin g 2 42,44 Wrtte pa^32i aflK «c»of*=op CT to !!E 52to^=— of 
tepaddngintelhepa^^orftepor^a^Tb. «*-^«— 
^42, 44 maybe provided ^^IM«.-«*r *"***»*• 
5 ri^n^tafcopaoteg.Tfcesofl^ 
their support of die caddng material under load. 

Each of die ope-to 5»4 may inctade an internal dm-AmO* raised lip 64. This 
Bp prevents a ^ppor. ring 42. 44 ft. toadvertendy centering *e W, 24 outer surfcoe v*en 
the stem 26 is rotated 

Wbenvariou^open^ . 
^fcraparticularva^ 

Eaobask60 S fipl^intote Tnedisks 60 support me packing 32 against 

cold flow extrusion and creep in the region of fee passageway 27. 
15 The disks 60 (and the support rings 42, 44) may be made of any suitable material, such as 

' for example, stainless steel, and preferably but not necessarily axe curved or otherwise shaped to 
conform on their outside surface to the outside profile of the packing 32, and on their inside 
surf** t0 conform to the inside profile of fee packing 32 (note in fee illustrated enibodiment that 
the packing 32 has a cylindrical outside surface profile and both a spherical portion and 
20 cylindrical portion to its inride sxufece profile). disks 60 sit against the inner Hp 64 m th, 
respective opening 52 so as not to contact me ball surface. 

la order to install the packing 32 onto the valve element 22 (other than for an over- 
molded process), the packing 32 is assembled with the integral ball and stem by press fit, 
sapped or otherwise slipped into place on the stem 26 over the upper or lower trunnion 28, 30 
25 and over the outer surface or diameter of the ball 24 which necessarily is larger in diameter than 
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room temperature to dip onto the ball 24 to the Potion mustrated in the drawings. In 
accordance then with one aspect of the invention, the valve element 22 is machined so ft* the 
^ D l of the ball 24 is only slightly greater than either or both of the respective diameters 

5 D2, D3 of the trurmions 28, 30 (see Fig, 3). The trunnion diameters D2 and D3 may be the same 
or different depending on the selected valve design. 

fa prior art ball valves, the trunnion to ball diameter ratio (either D2/D1 or D3/D1) 
typically is 03-0. 65. In accordance with the invention the ratio should be preferably about 0.7 to 
about 0.9 and more preferably about .70 to about .76. This substantially higher ratio (enlarged 

10 trunnion relative to me ball diameter) substarmally reduce, the mass volume of the packing 32 
becausemereislessgapb^ Tie reduced mass 

volume of the packing 32 also allows the packing 32 to be more flexible at room temperature 
thus allowing the packing 32 to be snap fit or press fit onto the valve element 22 at room 
taoperature. Since the ball 24 is only slightly larger than ^ trunmons 28, 30, me more flexible 

15 packing- 32 can easily be installed onto the valve element 22 at room temperature prior to 
installing the valve element 22 into the valve body 12. This greatly simplifies assembly thus 

reducing assembly time and cost 

As used herein, by "room temperature" is simply meant that range of temperatures within 
which the packing material is not dgnificantly changed in terms of me packing material's 
20 properties such as elasticity characteristics. An exemplary but not required range for room 
temp eratme assembly is about 65-100 °F. hi other terms, "room temperature'' is that range of 
tenmeratnres in which the packing remains substantially in its normal condition without 
substantially altering the mechanical properties of the packing material srrch as, for example, its 
elasticity. 
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K is noted at mis point that an alterative process for providing a single piece packing on 
.valv.a.eWbal^eaelen^la^over-n^ldthepaeldnginp^ In c4er words, directly 
^old me packing oslo the stem rafcg conventional molding teohnimtes. An overbid process 
fce assembly ate, of slipping the packing 32 Wo position on the stem. However. 

votaon^alsobereanaedwifcasmglepi^ 

Coveting fee description of the valve 10 streets a packing gland 34 is provided 
^ adjacent meva^packtog 32 t^snrSce. This pocking gland 34 may be made of 
steel for es^K and fcnetioratohefceon^^ 
10 and also servesas. feast washer for live loading me packing 32. The diametric clearance 
b ^ ma fee inside diameter of the gland 34 end the madde dianteterTOofmeopperinmnion 
28. as well as the diametric clearance between to ^ diameter of ate gland M and fe, body 
eavity 20 diameter, are controlled so mat the gland 34 c^mepacldng32mer* y redncing 
or mmmnzing creep or extrusion at elevated temperatures, as well as to function as a feust 
IS washer to load the packing 32. A number of disk springs 36 or other suitable load applying 
' ara ashdly stack* (with refcnmce to me 1 ong te dmaI aris X of me stem 26) and 

.^^s^amstmeglandM. The load members 3d apply a live load to me gland 34 and the 
jaddog 32 so as to maintain adeqnate sealing ctunpression of the paeku* 32 atlrigber and lower 
Vm?salm!S . By^veloaffManteamfhatmeloadnaanbe^ 
20 against me gtond 34 and the packing 32 when the valve is operated « a temperatore above or 
^wroomorambiemfemperafnre. lie load members 3d era compressed and held in place by 
a threaded packing bolt 38 mat is threadably installed in the upper or stem reserving extension 

12a of me valve body 12. 

Tta lower tnmmon 30 mdally extends below the bottom 32a of me packing 32 into a 
25 co nntemore40fbnaedinmevalvebodyl2. Prefaably there is a close clearance fit between the 
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tow mmnion 30 and me diameter of the «■ »*-4—«>*.li 

^ fta low portion ofte packing 32 epinst or exnosion. maintain* contoct — 

me „,^ea=d «te of the «h. cavity 20 (rooghened, to e«mple, by abrasion sand biasing) 
5 topt ev^toF^3 2 fi 0 m n .^wito«h.va 1 vebody I 2d^ngv d v e a C »an<»n- lb. 
tow packing 32a containment reduces packing stress relation at non^nbion, and 

particularly lower tompemtores. The uj*er and low paddng containment features allow the 
valve element 22 to arfaUy move to eompeussto to packing 32 expansion and contraction over 
thermal cycles. 

XO Ite pacId I «32.penn^52aund52dconce n ^ 

pa SS agawatom.ri^27aand27b^6«vahr e 10i S mfl«nn ly openpo si tion. Atrhe 

.dtaZfc — Z^"***"-""*** 42,44 ami dista 6X> am posmonrf wrtnia the 
packing 32 opening, 52a-d and bate partem the pecking 32 to pre™* ertnrsion of packing 
material into the bail passageway 27 andorifices 27a and 27b. 
15 The valve is assembled as follows. Tie support rings 42, 44 and disks 60 wben 

ap^priato are inserted into tee packing 32 openings 52*d. Ifc rings and disks thus also help 
support fcepaoBng 32 during the assembly process. Tbe packing 32 is then ins^ed on fte 
' V a 1V cstom26a S d«cribe41^m»bo»e. The valve dement assembly 22 diet includes the 
ball/stom 24726, dr. one piece packing 32 and (ho support rings 42, 44 (and disks 60 when used) 
20 iste , a!I edhrtotheva 1 vecavity20of«hevah^bo4yl2. A suitable tool may be nsed to align 
^■^toa^B-"^***-*** 1 "* The gland 34 and the loan 
numbers 36 are either installed with the packing 32 prior to installation of fce valve element 
assembly into the valve body 12 or may be installed after me valve element assembly is insalled 
fafcevalvcbody. The packing bolt 38 is then screwed into fte valve body stem etfeosiou 12a«o 
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complete the assembly. Hie bolt 38 is tightened to a suitable torque or number of turns to effect 

the desired load on the packing 32. 

to accordance with another aspect of the invention, reducing the packing volume or 
amount of material mat comprises the single piece packing, can be realized by reducing the 
5 packing height HF in Fig. 3) to the packing outside diameter D4 ratio In Fig. 3 the 

packing height is noted TT. This results in less packing material for the packing 32, in a manner 
similar to increasing the trunnion to ball diameter ratio described hereinabove. With less packing 
material needed to adequately seal the valve, there is less adverse effects noted from temperature 
variations at high and low temperature and thermal cycling. In a typical prior art ball valve the 
10 packing height to packing outer diameter ratio was in the range of 0.9 to 1.1 whereas with the 
present invention the packing height to packing outer diameter ratio is from about 0.75 to about 
0.85 with a preferred value of about 0.8. The overall effect of controlling these ratios is that 
packing volume can be reduced about 15% to about 50% compared to prior art ball valves that 
use conventional ratios of trunnion diameter to the ball diameter, or packing height to packing 
1 5 outside diameter, thus providing substantially increased thermal performance. 

It is important to note mat me various ratios described herein may vary depending on the 
size of the valve. For example, the exemplary ratio ranges for D3/D1 herein are provided for a 
ball valve element used with a 1 /* inch tubing system. In accordance with the invention then, the 
ratio D2/D1 or D3/D1 are selected so as to facilitate the assembly of hie packing onto the valve 
20 element at room temperature. Still further, the ratio of H/D4 is selected so as to reduce the 
packing volume and thereby increase the thermal performance. 

The enlarged trunnion concept provides a more efficient live loading of the packing 32 
transmitted through to the lower portion of the packing. In a small trormion design of the prior 
art, much of the vertical loading is carried by the ball portion 24 of the valve stem. In contrast, 
25 the present invention with the enlarged trunnion diameter focuses the live load toward loading 
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to pack*,, ***** a much mote eveely - — *" 10 

maintain a seal* 

We have discover* tot in some stations to snpport rings 42. 44 can or** vertically 

«... shorfd be deafly aligned *h to cnternoe C* axis in to Mri of to valve 1 0. 
ttKe te ma, atoo Wk as orison gordes to assnn. proper orientation of to nags 

to assure proper orientation of todisks 60. 

To prevent clipping of to packing material hy to edge of to stem orifices 27a and 27b 
tote valve actoation (ban refction), preferably W not neeessoriiy, an edge b^ek is provided 
around each of to stem orifices 27a, 27b. 
u ' fc^c^daneewimanotoe aspect of to 

Wegrf ba U 24 are adally (aloag to X axis) ^eoastodoed by «s= of to live load disk springs 
36aad to lower counted 40. Tto ^26toa'isn«tosn«nnd«ten I pe ra to r evana ti .oaa 
^ cause e^^arsi cannon of to poking 32. This helps maintain a consistent and 

effective load on flie packing 32. 

Fig. 5 illustrates anotot embodiment of a Tasve 68 tot mcorpomtes to present 
mention, m Ms «*nplc a bottom port (not shown) is fbtmed in to ball 24 tot is in fluid 
^^c^maflmdfimngTO. Ite o4« eteme^B of to valve n»y be to same as in to 

above described enaboctiments, 

• -n* invention has been described with reference to the prepared embodiment, 
25 Modificarions and aliens wfll occur to others npon a reading and nnderstanding of this 



20 
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specification. It is intended to include all such modifications and alterations insofar as ihey come 
within tie scope of the appended claims or the equivalents thereof. 
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CLAIMS 

WE CLAIM: 

1. Avalveconmrising: 

a valve body having a valve cavity therein; 
5 a valve dement for controlling flow through the valve based on rotational position 

of the valve element about an axis; and 

a single piece packing that surround, said valve element and seals said valve 

element within said valve cavity; 

said single piece padring beins dnncaisioned to be installed on said valve element 

10 within a room temperature range. 

2. me valve of claim 1 wherein said room temperature range is about 65-100 °F. 

3. The valve of claim 1 wherein said packing has a generally cylindrical outer 
surface defined by a height H and an outer diameter D4, said packing having a ratio H/D4 of 

about 0.75 to about 0.85. 
15 4. The valve of claim 3 wherein said ratio H/D4 is aborrt 0.8. 

5. The valve of claim 1 wherein said valve element comprises a ball and adjacent 
" upperaud lower hunuions; said ball having an outer diameter Dl and at le.st one of said 
trunnion, having an outer diameter D3; wherein said valve element has a ratio D3/D1 of about 
• 0.7 to about OA 

20 6. T h e valveofclaim5whe I dnsaidr^oD3/T)lisabout0.8. 

7. The valve of claim 1 wherein said packing has a generally cylindrical outer 
surface defined by a height H and an outer diameter D4 4 said packing having a ratio H/D4 of 
about 0.75 to about 0.85; and wherein said yalve clement comprises a ball and adjacent upper and 
lower trunnions; said ball having an outer diameter Dl and at lea^ ^ 

25 ^outerdiameterD^wherem^ 
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8. The valve of claim 7 wherein said ratio WD4 is about 0.8 and said ratio D3/D1 is 
about 0.8. 

9. The. valve of claim 1 wherein said packing comprises a polymer. 

' 10. The valve of claim 9 wherein said polymer is selected from the group comprising 
5 polytetmfluomemylene (PTFE), polyethylene, polvctheremerkemne (PEEK) and fluorinated 
ethylene propylene. 

1 1. The valve of claim 1 wherein said valve element comprises a non-spherical flow 
control element* 

12. The valve of claim 1 wherein said packing has an inner surface mat forms an 
10 interference fit with said valve element when said packing is installed thereon prior to loading 

said packing within said valve body. 

13. The valve element of claim 1 wherein said packing has an interference fit with 
said valve cavity when said packing is installed on said valve element and inserted into said valve 
cavity prior to loading said packing within said valve cavity, 

15 14. a method for assembling a valve comprising the steps of: 

forming a one piece packing adapted to seal a valve element within a valve cavity; and 
installing said packing onto said valve element within a temperature range for which 
mechanical properties of the packing are substantially unchanged 

15. The method of claim 14 wherein said step of forming said packing comprises the 

20 step of rnaclnning saidpacking. 

16 The method of claim 14 wherein said temperature range is selected so that the 
mechanical properties of the packing material arc substantially unchanged as compared to 'the 
mechanical properties of the packing material at 70 °F. 
17. A valve comprising: 
25 a valve body having a valve cavity thereto; 



MY. 27. 2005 3:31 PM CALFEE HALTER GRISWOLD NO. 6815 P. 25 

fff^ PCTAJSO3/01351 



WO 03/062683 

- ID - 



avabve element** eontrolling urroughfcevahve based on rutauonal position of to 

valve element about an axis; and 

. paring that surrounds said valve element and seals said valve dement within sai* 

valve cavity; and 

5 ^^v.el^caa^.^aod^^^lo^'^^^^ 
toYtaE . outer diameter Dl and at ,east one of said tonmions having an « diameter D3; 
wherein said valve element has a ratio D3VD1 of about 0.7 to about 0.9. 

W Tha valve of obnm 17 wherein said paddug has a generally cybndrica. outer 
^ defined by a heightH and an outer diameter M. said pacing having a ratio of 

1 0 about 0.75 to about 0.85. 

^ *e *oup enuasung ofi PFA. filled PFA, po^nrc^teno (FTFB), filled PTFE, 
polyethylene, polyenremurodrrfone (PEEK) and torhuded edrylcne propylene. 

IS v^edementat.teUtferalurebdowwuidrsaMpa^ 

21. TtovshreofelaimlOwheremsaidtanpemtureisro^ 

22. ^varreofelahnnwberemWpa^isash^apiecenadm.g. 

23. The valve of olahn 17 whemin said paddng is over molded onto said va!ve 
element 

20 24. A valve comprising: 

a valve body having a valve cavity therein; 

a valve element for control flow taougn *e valve based on rotational position of 1he 

valve element about an axis; and 

a tot surrounds said valve element and seals said valve elern^ within said 

25 valve cavity; and 
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said valve element comprising a ball and adjacent upper and lower trunnions; 
wherein said packing has a generally cylindrical outer surface defined by a height H and 
an outer diameter D4, said packing having araiio H/D4 of about 0.75 to about 0.85. 

25. The valve of claim 24 wherein said ball haB an outer diameter Dl and at least one 
5 " of said trunnions has an outer diameter D3; wherein said valve element has a ratio D3/DI of 

about 0.7 to about 0.9. 

26. The valve of claim 24 wherein said packing is a single piece packing. 

27. The valve of claim 24 wherein said packing is a multi-piece packing. 

28. The valve of claim 24 wherein said packing is installed onto said valve element at 

10 room temperature. 

29. In combination, a valve element and a single piece packing therefore, wherein said 

packing is installed onto said valve element at room temperature. 

30. The combination of claim 29 wherein said valve element comprises a ball and 
stem and with at least one trunnion adjacent said ball. 

15 31. A valve comprising: 

a valve body having a valve cavity therein; 

a valve element for controlling flow through the valvebased on rotational position of the 

valve element about an axis; and 

a packing that surrounds said valve element and seals said valve element within said 

20 valve cavity; 

said valve element comprising a ball and adjacent upper and lower trunnions; said ball 
having an outer diameter Dl and at least one of said trunnions having an outer diameter D3: 
wherein said valve element has a ratio D3/D1 that facilitates assembly of said packing onto *aid 
valve element at room temperature. 
25 32. A valve comprising^ 
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a valve body having a valve cavity therein; 

a valve element for controlling flow through fee valve based on rotational position of fee 

valve element about an axis; and 

a packing feat snrrounds said valve element and seals said valve element within said 

5 valve cavity; 

said valve element comprising a ball and adjacent upper and lower trunnions; said valve 
cavity being dimensioned to closely xeceive said valve element while permitting said valve 
element to axially shift to compensate for temperature effects on said packing. 

33. The valve of claim 32 wherein said valve cavity comprises a reduced diameter 
10 bore that recedes said lower trunnion and prevents paring material ftom creeping below said 

lower trunnion. 

34. The valve of claim 32 wherein said packing is live loaded. , 
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of .inch is hereby acknowledged, we, *e undersigned, Tared S. Tm*o, 7850 Champaign, 
Mentor Ohio 44060, Thomas A- Lippucci, 73 E. Dartmoor Ave., Seven Hflls, Ohio 44131, Enc 
M- Kvarda, 6490 Bryson Dr., Mentor, Ohio 44060, Brandon J. Fry, 10325 Penniman Dr., 
Chardon Ohio 44024 and James E. Gotch, 8900 Riverwood Way, Kirtland, Ohio 44094, hereby 
assign aU right, thle and interest to Swagelok Company, an Ohio corporation, having a place of 
business at 29500 Solon Road, Solon, Ohio 44139, its successors and assigns, the entire ngbt, 
title and interest, so far as concerns the United Sintes and me Territories and Possessions thereof 
and all foreign countries, in and to the inventions in 

BALL VALVE WITH SINGLE PIECE PACKING 
as set forth in the following application United States Provisional patent application serial no. 
60/349,629, filed on January 18, 2002, PCX application serial no. PCT/US03/01351, filed on 
January 17, 2003 and any and all other applications for Letters Patent on said inventions rn the 
United States and in all countries foreign to the United States, inclnding but not limited to all 
non-provisionaL provisional, divisional, renewal, substitnte, national stage, continuation, PCX 
and Convention applications based in whole or in part upon said inventions or upon said 
applications and any and all Letters Patents and reissues and extension of Letters Patent granted 
for said inventions or upon said applications, and every priority right that is or may be predicated 
upon or arise from said inventions, said applications and said Letters Patent; said assignee bemg 
hereby authorized to file patent applications in any or all countries on any or all said inventions 
in the name of the undersigned or in the name of said assignee or otherwise as said assignee may 
deem advisable, under the International Convention or otherwise; the Commissioner of Patents 
of the United States of America and the empowered officials of all other governments being 
hereby authorized to issue or transfer all said Letters Patent to said assignee in accordance 
herewith; this assignment being urxder^ 

by the undersigned, but also that such assigned right is not encumbered by any grant, license, or 
other right heretofore given, andthaime undersigned^ 

that the said inventions, patent applications and Letters Patent shall be held and enjoyed by said 
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assign as fully and entirely as the same could have been held and enjoyed by the undersigned 
if this assignment had not been made, and particularly to execute and deliver to said assignee all 
lawful documents including petitions, specifications, oaths, assignments, invention disclaimers, 
and lawful affidavits in form and in substance which may be requested by said assignee, to 
furnish said assignee with all tacts relating to said inventions or the history thereof and any and 
all documents, photographs, models, samples or other physical exhibits which may be useful for 
establishing the facts of conception, disclosure and reduction to practice of said inventions, and 
the testify in any proceedings relating to said inventions, patent applications and Letters Patent 



Date: 



Stale of Ohio 
County of LAV^ 




Onthisl^dayof yWsT . 2004, personally appeared before me, Jaied S-Tin^o 
_ V-r , ___ 1a an A «A,n CT Ar*Ttf*i the above instrument, and 



to me known to be the person named^i 
acknowledged to me that he 

Date : ^/*< 



Date: g^/gV 

State of Ohio 
County of UK^ 




the above instrument, and 
therein mentioned- 
lore J. Gausman 

lissiou Expires on 10/30/05 
led in Lake County 



Thomas A- Lippn 



) 
) 
) 



On this LL^day of AjfelJgf 
Lippncci, to me known to be the person 
acknowledged to me that he executed 



SS: 



2004, 



Dale: 




Dually appeared before me, Thomas A, 
Vho^ecuted the above instrument, and 
eCandMfo^paipQses therein mentioned. 

_ r* \ Theodore J. Gausman 

^T^dte^pBblic, State Of Ohio 
J Commission Expires on 10/30/05 
KficoTtJed in Lake County 
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Date: 



State of Ohio 
County of 




Eric M. Kvarda 



) 
) 
) 



SS: 



Date: 



Notary Public > 



Theodore J. Gausrnan 

iblic. State of Ohio 



My Commission Expires on 10/30/05 
Recorded in Lake County 



Date: 0Zl±Z^L 



Brandon SI Fry 



State of Ohio 
County of CuiMte** 

On this iG^day of AvfrOSl 



SS: 



™ - . . > 2004 > 

to me known to be the person named 
acknowledged to me that he executed tk§ samtf «>r 



Date: % 



lly appeared before me, Brandon J. Fry, 
the above instalment, and 
and trWpuigo^ therein mentioned. 
f jj K Theodore J. Gauspan 

yjMr^cr^, \ s*C N oiarv Public, state~bf Ohio 

— commission Expires on 10/30/05 
Recorded in Lake County 



Dale: 




fames E. Gotch 



State of Ohio 



SS: 



) 



County of IM^ 

On this J^day of AvGL-vf , 2004, 
to me known to be the person 
acknowledged to me that he ex< 



Date:_ 



ouplly appeared before me, James E. Gotch, 
* 10 executed the above instrument, and 
Dses therein mentioned. 

Theodore J. Gausman 
Public, Stale Of Ohio 

10/30/05 
in Lake County 
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□ FADED TEXT OR DRAWING 
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□ OTHER: 
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